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EXPOSURE APPARATUS OF AN OPTICAL 
DISK MASTER, METHOD OF EXPOSING AN 
OPTICAL DISK MASTER, AND WAVEFRONT 
FLUCTUATION CORRECTION MECHANISM 

This application is a divisional of US. patent application 
Ser. No. 10/187,491, ?led Jul. 1, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an exposure apparatus of 

an optical disk master, and more particularly, to an exposure 
apparatus and method of an optical disk master using a 
de?ector. 

2. Description of the Related Art 
FIG. 2 shoWs an example of a conventional exposure 

apparatus of an optical disk master. In FIG. 2, reference 
numeral 201 denotes a laser source; 202, an E0 modulator 
that eliminates loW-frequency noise of the laser or performs 
poWer control; 203, an A0 modulator that performs modu 
lation using an information signal; 204, a lens system that 
focuses a laser beam into a crystal of the AO modulator; 205, 
an E0 de?ector; 206, a beam expander that focuses the laser 
beam and enlarges it to a desired beam diameter; 207, a 
polarizing beam splitter (PBS); 208, a 1A Wavelength plate; 
209, a head that focuses the laser beam on a resist master; 
210, a turn table that turns the resist master; 211, a CCD 
camera that monitors the laser beam re?ected from the resist 
master; 212, a lens that focuses the laser beam onto the CCD 
camera. 

The laser beam output from the laser source 201 enters the 
E0 modulator 202, called a “noise eater”, to reduce laser 
noise input to the E0 modulator 202 and adjust the laser 
beam to desired intensity. The laser beam that has passed 
through the noise eater enters the AO modulator 203 that 
performs intensity modulation using an information signal. 
Since the modulation speed of the AO modulator 203 
depends on the beam diameter in the crystal; the greater the 
degree of focusing of the beam, the faster the modulation 
becomes, the lens system 204 is arranged in such a Way as 
to come into focus in the crystal of the AO modulator 203. 
Primary di?fracted light output from the AO modulator 203 
is input to the E0 de?ector 205 that performs de?ection 
modulation. The laser beam output from the de?ector 205 is 
enlarged in the beam diameter by the beam expander 206 
and then focused onto the resist master by the head 209 to 
expose and record the information signal. 

SUMMARY OF THE INVENTION 

The laser beam that has passed through optical elements 
such as the AO modulator and E0 modulator is affected to 
no small extent by Wavefront ?uctuation and its beam pro?le 
is deformed from an ideal Gaussian distribution form. To 
eliminate Wavefront ?uctuation of the laser beam that has 
passed through the optical elements, beam forming using a 
pinhole is generally practiced. This is a method Whereby the 
laser beam that has passed through the optical elements and 
has been affected to no small extent by Wavefront ?uctuation 
is focused by a lens system, a pinhole of almost the same 
diameter as the beam diameter is placed at the focal position 
of the focused laser beam, the disturbance component Which 
has not been focused due to Wavefront ?uctuation and 
distributed outside the laser beam diameter is removed, and 
the central area With strong beam intensity is neatly 
extracted to thereby eliminate Wavefront ?uctuation. 
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2 
In order to eliminate Wavefront ?uctuation as much as 

possible, it is effective to place the pinhole at the ?nal stage 
before the head to eliminate Wavefront ?uctuation accumu 
lated after the laser beam has passed through all the optical 
elements. HoWever, in the case of the exposure apparatus of 
an optical disk master using the de?ector 205 as shoWn in 
FIG. 2, if a pinhole is placed after the de?ector 205 such as 
betWeen a pair of lenses of the beam expander 206, the laser 
beam is blocked by the pinhole When the laser beam is 
de?ected, causing the laser beam to be subjected to intensity 
modulation, Which prevents beam forming using the pin 
hole. 

In vieW of the above-described conventional problem, it 
is an object of the present invention to reduce Wavefront 
?uctuation of light output from the de?ector of an exposure 
apparatus of an optical disk master and improve the focusing 
performance of the laser beam that has passed through the 
objective lens. 
One aspect of the present invention is an exposure appa 

ratus of an optical disk master having a laser source, a 
de?ector for de?ecting a recording laser beam obtained 
based on the laser beam of said laser source and an objective 
lens for focusing said recording laser beam on an optical 
disk master, comprising: 

a lens system provided betWeen said laser source and said 
de?ector, Which has a ?rst lens for focusing said laser beam 
and a second lens for adjusting said focused laser beam to a 
desired beam diameter; and 

a pinhole placed at a practical focal position of said lens 
system. 
Another aspect of the present invention is an exposure 

apparatus of an optical disk master having a laser source, a 
de?ector for de?ecting a recording laser beam based on the 
laser beam of said laser source and an objective lens for 
focusing said recording laser beam on an optical disk master, 
comprising: 

a lens system provided betWeen said de?ector and said 
objective lens, Which has a ?rst lens for focusing said laser 
beam emitted from said de?ector and a second lens for 
adjusting said focused laser beam to a desired beam diam 
eter; and 

a slit placed at a practical focal position of said lens 
system, of Which aperture is restricted by a predetermined 
Width in such a direction Which is substantially perpendicu 
lar to the de?ected direction of said de?ector. 

Still another aspect of the present invention is an exposure 
apparatus of an optical disk master having a laser source, a 
de?ector for de?ecting a recording laser beam based on the 
laser beam of said laser source and an objective lens for 
focusing said recording laser beam on an optical disk master, 
comprising: 

a ?rst lens system betWeen said laser source and said 
de?ector, Which has a ?rst lens provided for focusing said 
laser beam and a second lens for adjusting said focused laser 
beam to a desired beam diameter; 

a pinhole placed at a practical focal position of said ?rst 
lens system. 

a second lens system provided betWeen said de?ector and 
said objective lens, Which has a third lens for focusing the 
laser beam emitted from said de?ector and a fourth lens for 
adjusting said focused laser beam to a desired beam diam 
eter; and 

a slit placed at a practical focal position of said second 
lens system, of Which aperture is restricted by a predeter 
mined Width in such a direction Which is substantially 
perpendicular to the de?ected direction of said de?ector. 
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Yet still another aspect of the present invention is an 
exposure apparatus of an optical disk master having a laser 
source, a de?ector for de?ecting a recording laser beam 
obtained based on the laser beam of said laser source and an 
objective lens for focusing said recording laser beam on an 
optical disk master, comprising: 

a lens system provided betWeen said de?ector and said 
objective lens, Which has a ?rst lens for focusing said laser 
beam emitted from said de?ector and a second lens for 
adjusting said focused laser beam to a desired beam diam 
eter; 

a pinhole placed at a practical focal position of said lens 
system; and 

driving means of translating said pinhole in substantially 
the same direction as the de?ection direction of said de?ec 
tor in synchroniZation With a de?ection signal input to said 
de?ector. 

Still yet another aspect of the present invention is an 
exposure apparatus of an optical disk master having a laser 
source, a de?ector for de?ecting a recording laser beam 
based on the laser beam of said laser source and an objective 
lens for focusing said recording laser beam on an optical 
disk master, comprising: 

a liquid crystal plate provided betWeen said laser source 
and said de?ector; 

a parallel ?at plate provided betWeen said de?ector and 
said objective lens for branching said recording laser beam; 

a photodetector that detects re?ected light from said 
parallel ?at plate; and 

adjusting means of adjusting a voltage applied to said 
liquid crystal plate based on information on Wavefront 
?uctuation of said recording laser beam detected by said 
photodetector. 
A further aspect of the present invention is the exposure 

apparatus of an optical disk master, Wherein the Wavelength 
of said laser source is 270 nm or less. 
A still further aspect of the present invention is the 

exposure apparatus of an optical disk master, Wherein the 
diameter of said pinhole is 2.5-7vf/W or less, Where 7» is the 
Wavelength of said laser source, f is the focal distance of the 
lens for focusing said laser beam, and W is the radius of the 
beam incident upon the lens for focusing said laser beam. 
A yet further aspect of the present invention is the 

exposure apparatus of an optical disk master, Wherein the 
aperture of said slit is 2.5-7vf/W or less, Where 7» is the 
Wavelength of said laser source, f is the focal distance of the 
lens for focusing said laser beam, and W is the radius of the 
beam incident upon the lens for focusing said laser beam. 
A still further aspect of the present invention is the 

exposure apparatus of an optical disk master, Wherein the 
translation distance of said pinhole is f6, Where f is the focal 
distance of the lens for focusing said laser beam, and 6 is the 
de?ection angle of said de?ector. 
An additional aspect of the present invention is the 

exposure apparatus of an optical disk master, Wherein said 
liquid crystal plate has such a structure that it is divided into 
a plurality of concentric parts. 
A still additional aspect of the present invention is a 

method of exposing and optical disk master including a step 
of de?ecting a recording laser beam obtained based on the 
laser beam of a laser source and a step of focusing said 
recording laser beam on an optical disk master, comprising 
the steps of: 

branching said recording laser beam betWeen said de?ect 
ing step and said step of focusing said recording laser beam; 

detecting the re?ected light obtained in said branching 
step; and 
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4 
adjusting a voltage applied to said liquid crystal plate 

provided betWeen said laser source and said de?ector based 
on information on Wavefront ?uctuation of said recording 
laser beam detected in said detecting step. 
A yet additional aspect of the present invention is the 

method of exposing and optical disk master, Wherein the 
Wavelength of said laser source is 270 nm or less. 
A still yet additional aspect of the present invention is the 

method of exposing and optical disk master, Wherein said 
liquid crystal plate has such a structure that it is divided into 
a plurality of concentric parts. 
A supplementary aspect of the present invention is a 

method of controlling an exposure apparatus of an optical 
disk master comprising a laser source, a de?ector for de?ect 
ing a recording laser beam obtained based on the laser beam 
of said laser source and an objective lens for focusing said 
recording laser beam on an optical disk master, a lens system 
having a ?rst lens provided betWeen said de?ector and said 
objective lens for focusing said laser beam emitted from said 
de?ector and a second lens for adjusting said focused laser 
beam to a desired beam diameter, and a pinhole placed at a 
practical focal position of said lens system, comprising 

a steps of translating said translating said pinhole in 
substantially the same direction as the de?ection direction of 
said de?ector in synchronization With a de?ection signal 
input to said de?ector. 
A still supplementary aspect of the present invention is a 

pinhole mechanism used in an exposure apparatus of an 
optical disk master provided With a laser source, a de?ector 
for de?ecting a recording laser beam obtained based on the 
laser beam of said laser source and an objective lens for 
focusing said recording laser beam on an optical disk master, 
comprising: 

a lens system provided betWeen said de?ector and said 
objective lens, Which has a ?rst lens for focusing a laser 
beam emitted from said de?ector and a second lens for 
adjusting said focused laser beam to a desired beam diam 
eter; 

a pinhole placed at a practical focal position of said lens 
system; and 

driving means of translating said pinhole in substantially 
the same direction as the de?ection direction of said de?ec 
tor in synchronization With a de?ection signal input to said 
de?ector. 
As described above, the present invention adopts, for 

example, a structure for an exposure apparatus of an optical 
disk master using a de?ector With a beam forming pinhole 
before the de?ector to thereby eliminate Wavefront ?uctua 
tion of the laser beam accumulated until it input to the 
de?ector, reduce Wavefront ?uctuation of the light output 
from the de?ector and improve the focusing performance of 
the laser beam after passing through the objective lens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates Embodiment l of an exposure apparatus 
of an optical disk master of the present invention; 

FIG. 2 illustrates an example of a conventional exposure 
apparatus of an optical disk master; 

FIG. 3 illustrates Embodiment 2 of an exposure apparatus 
of an optical disk master of the present invention; 

FIG. 4 illustrates Embodiment 3 of an exposure apparatus 
of an optical disk master of the present invention; 

FIG. 5 illustrates an amount of aberration after passing 
through optical elements; 

FIG. 6 illustrates Embodiment 4 of an exposure apparatus 
of an optical disk master of the present invention; 
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FIG. 7 illustrates Embodiment 5 of an exposure apparatus 
of an optical disk master of the present invention; 

FIG. 8 illustrates a relationship betWeen a pinhole diam 
eter and an amount of aberration; 

FIG. 9 illustrates a relationship betWeen a slit Width and 
an amount of abberation; 

FIG. 10 is a schematic vieW of a liquid crystal plate used 
in Embodiment 5 of the present invention; 

FIG. 11A illustrates an example of an interference pattern 
With little Wavefront ?uctuation formed by a parallel ?at 
plate; and 

FIG. 11B illustrates an example of an interference pattern 
With Wavefront ?uctuation formed by a parallel ?at plate. 

DESCRIPTION OF SYMBOLS 

101 Laser source 
102 EO modulator 
103 AO modulator 
104 Lens system 
105 Pinhole 
106 Lens system 
107 EO de?ector 
108 Beam expander 
109 Polarizing beam splitter 
110 1A Wavelength plate 
111 Head 
112 Turn table 
113 CCD camera 
114 Lens 
201 Laser source 
202 E0 modulator 
203 AO modulator 
204 Lens system 
205 EO de?ector 
206 Lens system 
207 Polarizing beam splitter 
208 1A Wavelength plate 
209 Head 
210 Turn table 
211 CCD camera 
212 Lens 
301 Laser source 
302 EO modulator 
303 AO modulator 
304 Lens system 
305 EO de?ector 
306 Beam expander 
307 Slit 
308 Polarizing beam splitter 
309 1A Wavelength plate 
310 Head 
311 Turn table 
312 CCD camera 
313 Lens 
401 Laser source 
402 EO modulator 
403 AO modulator 
404 Lens system 
405 Pinhole 
406 Lens system 
407 EO de?ector 
408 Beam expander 
409 Slit 
410 Polarizing beam splitter 
411 1A Wavelength plate 
412 Head 
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413 Turn table 
414 CCD camera 
415 Lens 
601 Laser source 
602 EO modulator 
603 AO modulator 
604 Lens system 
605 EO de?ector 
606 Beam expander 
607 Pinhole 
608 Piezoelectric element 
609 De?ection signal generator 
610 Polarizing beam splitter 
611 1A Wavelength plate 
612 Head 
613 Turn table 
614 CCD camera 
615 Lens 
701 Laser source 
702 EO modulator 
703 AO modulator 
704 Lens system 
705 Liquid crystal plate 
706 EO de?ector 
707 Beam expander 
708 Parallel ?at plate 
709 Photodetector 
710 Operation circuit 
711 Polarizing beam splitter 
712 1A Wavelength plate 
713 Head 
714 Turn table 
715 CCD camera 

716 Lens 
1001 Split liquid crystal plate outer perimeter 
1002 Split liquid crystal plate intermediate perimeter 
1003 Split liquid crystal plate inner perimeter 
1101 Laser beam detected by photodetector 
1102 Interference pattern 
1103 Laser beam detected by photodetector 
1104 Interference pattern 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention Will be explained 
beloW. 

Embodiment 1 

FIG. 1 illustrates an example of an exposure apparatus of 
an optical disk master of the present invention. In FIG. 1, 
reference numeral 101 denotes an argon ion laser With a 
Wavelength of 248 nm Which serves as a laser source; 102, 
an EO modulator that eliminates loW frequency noise of the 
laser and performs poWer control; 103, an AO modulator 
that performs modulation using an information signal; 104, 
a lens system that focuses the laser beam onto a crystal of the 
AO modulator; 105, a pinhole; 106, a lens system that 
focuses the laser beam onto the pinhole 105 and forms the 
laser beam output into a parallel beam; 107, an EO de?ector; 
108, a beam expander that enlarges the laser beam to a 
desired beam diameter; 109, a polarizing beam splitter 
(PBS); 110, a 1/4 Wavelength plate; 111, a head that focuses 
the laser beam onto a resist master; 112, a turn table that 
turns the resist master; 113, a CCD camera that monitors the 
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laser beam re?ected from the resist master; 114, a lens that 
focuses the laser beam onto the CCD camera. 

Furthermore, the lens system 106 is provided With a ?rst 
lens 106a provided near the laser source 101 for focusing 
and a second lens 106!) provided near the E0 de?ector 107 
for obtaining a predetermined beam diameter. In the above 
described con?guration, the laser source 101 corresponds to 
the laser source of the present invention; the E0 de?ector 
107, the de?ector of the present invention; the lens system 
106, the lens system of the present invention; the ?rst lens 
10611, the ?rst lens of the present invention; the second lens 
106b, the second lens of the present invention; the pinhole 
105, the pinhole of the present invention; and the head 111, 
the objective lens of the present invention. 

The laser beam output from the laser source 101 enters the 
E0 modulator 102, called a “noise eater” to reduce laser 
noise and adjust the laser beam to desired intensity. The laser 
beam that has passed through the noise eater enters the AO 
modulator 103 that performs intensity modulation using an 
information signal. The modulation speed of the AO modu 
lator 103 depends on the beam diameter in the crystal and 
alloWs faster modulation as the degree of focusing of the 
beam increases, and therefore the lens system 104 is placed 
so as to come into focus in the crystal of the AO modulator 
103. The primary di?fracted light output from the AO 
modulator 103 enters the E0 de?ector 107 that performs 
de?ection modulation. Furthermore, the laser beam output 
from the de?ector 107 is enlarged in its beam diameter by 
the beam expander 108 and then focused onto the resist 
master by the head 111 and exposes/records the information 
signal. 
The laser beam that has passed through the optical ele 

ments such as the AO modulator and E0 modulator receives 
Wavefront ?uctuation and its beam pro?le is deformed from 
an ideal Gaussian distribution form. Generally, a lens is said 
to deteriorate its focusing performance When its aberration is 
30 m?» or more. An investigation into aberration received 
from the optical elements at a Wavelength of 351 nm shoWs 
that an aberration component is approximately 10 m)». This 
aberration component is equivalent to approximately 8 nm 
for a Wavelength of 351 nm. Assuming that Wavefront 
?uctuation received When light passes through the optical 
elements is almost the same for respective Wavelengths, a 
change of the aberration component versus Wavelength is 
calculated. FIG. 5 shoWs the change of the aberration 
component versus Wavelength. The aberration component 
becomes 30 m?» near a Wavelength of 270 nm and When the 
Wavelength falls short of 270 nm, this has a large effect on 
the focusing performance of the objective lens. 

Thus, this embodiment performs beam forming using a 
pinhole to eliminate Wavefront ?uctuation of the laser beam 
that has passed through the optical elements. This is a 
method Whereby the laser beam affected by Wavefront 
?uctuation is focused by a focusing lens of the lens system, 
a pinhole of almost the same diameter as the beam diameter 
at that position is placed at the focal position of the laser 
beam, and thereby a disturbance component Which is not 
focused due to Wavefront ?uctuation and distributed outside 
the laser beam diameter before passing through the lens for 
obtaining a predetermined beam diameter is eliminated, the 
central area With high beam intensity is neatly extracted and 
Wavefront ?uctuation is eliminated. At this time, it is pref 
erable that the pinhole shape be virtually a perfect circle and 
its inner perimeter be smooth. 

In order to eliminate Wavefront ?uctuation as much as 
possible, it is effective to place the pinhole at the ?nal stage 
before the head. HoWever, in the case of an exposure 
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8 
recording apparatus using a de?ector as shoWn in Embodi 
ment 1, the laser beam is de?ected and therefore the pinhole 
cannot be placed after the de?ector 107. Therefore, as shoWn 
in the lens system 106, tWo ?at convex lenses of the same 
magni?cation are placed before the de?ector as ?rst lens 
106a and second lens 106!) and the pinhole is placed at the 
focal position of the lens system 106, that is, at the focal 
position of the ?rst lens 10611. This structure makes it 
possible to eliminate the Wavefront ?uctuation accumulated 
up to the de?ector 107. 
The beam radius at the focal position of the beam focused 

by the lens system 106 for focusing the laser beam toWard 
the pinhole 105 is given 7vf/(J'UW), Where 7» is the Wavelength 
of the laser source, f is the focal distance of the lens and W 
is the radius of the beam incident upon the lens. Thus, the 
diameter dW of the pinhole is changed to determine the 
aberration component of the laser beam. FIG. 8 shoWs the 
result. The horizontal axis shoWs the siZe of the pinhole 
diameter dW With respect to the beam radius W at the focal 
position of the lens. When the pinhole diameter is approxi 
mately 2.5 times the beam radius or less at the focal position 
of the lens system 106, the aberration component is 30 m?» 
or less. 

More speci?cally, assuming that the laser Wavelength is 
on the order of 270 nm, the focal distance of the lens, that 
is, the distance from the ?rst lens 10611 to the focal position 
is on the order of 40 mm, the pinhole diameter When the 
beam diameter (2 W) at the focal position is 8 um is set to 
approximately 10 pm. A speci?c example of the pinhole 
diameter is set to 10 pm to 30 um and the beam diameter at 
the focal position is adjusted to this range based on the 
above-described formula. 

Furthermore, With regard to the focusing performance of 
the beam diameter using the pinhole, the folloWing experi 
ment is conducted. 
A pit is exposed/recorded on a glass plate on Which a 

resist is coated. Based on the shape of the recorded pit, the 
beam diameter of the laser beam focused by the objective 
lens is calculated. When the laser Wavelength is 270 nm and 
NA of the objective lens is 0.9, the beam diameter of the 
conventional example is 0.33 pm, While a value of approxi 
mately 0.3 pm is obtained as a result of placing the pinhole 
before the de?ector and performing beam forming as in the 
case of this Embodiment 1. That is, it has been con?rmed 
that the focusing performance has been improved approxi 
mately 10% compared to the case Without beam forming. 

Furthermore, this Embodiment 1 uses an E0 modulator 
and A0 modulator as modulators, but similar effects Will be 
obtained also in the case of other combinations irrespective 
of combinations of modulators. 

Embodiment 2 

FIG. 3 illustrates an example of an exposure apparatus of 
an optical disk master of the present invention. In FIG. 3, 
reference numeral 301 denotes an argon ion laser With a 
Wavelength of 248 nm Which serves as a light source; 302, 
an E0 modulator that eliminates loW frequency noise of the 
laser and performs poWer control; 303, an A0 modulator 
that performs modulation using an information signal; 304, 
a lens system that focuses the laser beam onto a crystal of the 
AO modulator; 305, an E0 de?ector; 306, a beam expander 
that enlarges the laser beam to a desired beam diameter; 307, 
a slit of Which aperture is restricted by a predetermined 
Width in such a direction Which is substantially perpendicu 
lar to the de?ected direction of the E0 de?ector 305; 308, a 
polariZing beam splitter (PBS); 309, a 1A Wavelength plate; 
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310, a head that focuses the laser beam onto a resist master; 
311, a turn table that turns the resist master; 312, a CCD 
camera that monitors the laser beam re?ected from the resist 
master; 313, a lens that focuses the laser beam onto the CCD 
camera. 

Furthermore, the beam expander 306 is provided With a 
?rst lens 306a provided near the E0 de?ector 305 for 
focusing and a second lens 306!) provided near the head 310 
for obtaining a predetermined beam diameter. In the above 
described con?guration, the laser source 301 corresponds to 
the laser source of the present invention; the E0 de?ector 
305, the de?ector of the present invention; the beam 
expander 306, the lens system of the present invention; the 
?rst lens 30611, the ?rst lens of the present invention; the 
second lens 306b, the second lens of the present invention; 
the slit 307, the slit of the present invention; and the head 
310, the objective lens of the present invention. 

The laser beam output from the laser source 301 enters the 
E0 modulator 302, called a “noise eater” to reduce laser 
noise and adjust the laser beam to desired intensity. The laser 
beam that has passed through the noise eater enters the AO 
modulator 303 that performs intensity modulation using an 
information signal. The modulation speed of the AO modu 
lator 303 depends on the beam diameter in the crystal and 
alloWs faster modulation as the degree of focusing of the 
beam increases, and therefore the lens system 304 is placed 
so as to come into focus in the crystal of the AO modulator 
303. The primary di?fracted light output from the AO 
modulator 303 enters the E0 de?ector 305 that performs 
de?ection modulation. Furthermore, the laser beam output 
from the de?ector 305 is enlarged in its beam diameter by 
the beam expander 306 and then focused onto the resist 
master by the head 310 and exposes/records the information 
signal. 
The laser beam that has passed through the optical ele 

ments such as the AO modulator and E0 modulator receives 
Wavefront ?uctuation and its beam pro?le is deformed from 
an ideal Gaussian distribution form. This is the same as that 
explained With reference to FIG. 5. 

The Wavefront ?uctuation accumulated up to the beam 
expander 306 is not focused at the focal position of the ?rst 
lens 306, Which is the front lens of the beam expander 306 
and distributed outside the beam diameter. 

Therefore, this embodiment places the slit 307 of Which 
aperture is restricted a predetermined Width in such a 
direction Which is substantially perpendicular to the 
de?acted direction of the E0 de?ector 305, at the focal 
position of the ?rst lens 30611, which is the front lens of the 
beam expander, eliminates the Wavefront ?uctuation com 
ponent distributed outside the beam before it passes through 
the second lens 306!) for acquiring a predetermined beam 
diameter, extracts the central area With high beam intensity 
and eliminates the Wavefront ?uctuation. Furthermore, this 
embodiment does not restrict the aperture in the de?ection 
direction of the E0 defection modulator 305 so that the 
beam is not blocked even during de?ection and no intensity 
modulation is generated at the output. This makes it possible 
to improve the focusing performance in the recording direc 
tion When the signal pit is exposed/recorded. 

The beam radius at the focal position of the beam focused 
by the ?rst lens 30611 for focusing the laser beam toWard the 
slit is given as k-f/(rvw), Where 7» is the Wavelength of the 
laser source, f is the focal distance of the lens and W is the 
radius of the beam incident upon the lens. Thus, the aperture 
of the slit is changed and the aberration component of the 
laser beam is examined. FIG. 9 shoWs the result. The 
horizontal axis shoWs the siZe of the aperture of the slit With 
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respect to the beam radius W at the focal position of the lens. 
When the slit Width is approximately 2.5 times the beam 
radius or less at the focal position of the lens, the aberration 
component is 30 m?» or less under the same condition as that 
of Embodiment 1. 

Furthermore, an experiment is conducted about the beam 
diameter focusing performance using the slit under the same 
condition as that in Embodiment l. 
A pit is exposed/recorded on a glass plate on Which a 

resist is coated. Based on the shape of the recorded pit, the 
beam diameter of the laser beam focused by the objective 
lens is calculated. It has been con?rmed that as a result of 
performing beam forming With the slit placed after the 
de?ector as in the case of this Embodiment 2, the beam 
diameter focusing performance has been improved approxi 
mately 10% compared to the case Without beam forming. 

Embodiment 3 

FIG. 4 illustrates an example of an exposure apparatus of 
an optical disk master of the present invention. In FIG. 4, 
reference numeral 401 denotes an argon ion laser With a 
Wavelength of 248 nm Which serves as a light source; 402, 
an E0 modulator that eliminates loW frequency noise of the 
laser and performs poWer control; 403, an A0 modulator 
that performs modulation using an information signal; 404, 
a lens system that focuses the laser beam onto a crystal of the 
AO modulator 403; 405, a pinhole; 406, a lens system that 
focuses the laser beam toWard the pinhole and forms the 
laser beam output into a parallel beam, 407, an E0 de?ector; 
408, a beam expander that enlarges the laser beam to a 
desired beam diameter; 409, a slit of Which aperture is 
restricted by a predetermined Width in such a direction 
Which is substantially perpendicular to the de?ected direc 
tion of the de?ector 407; 410, a polariZing beam splitter 
(PBS); 411, a 1A Wavelength plate; 412, a head that focuses 
the laser beam onto a resist master; 413, a turn table that 
turns the resist master; 414, a CCD camera that monitors the 
laser beam re?ected from the resist master; 415, a lens that 
focuses the laser beam onto the CCD camera. 

Furthermore, the lens system 406 is provided With a ?rst 
lens 406a provided near the laser source 401 for focusing 
and a second lens 406!) provided near the E0 de?ector 407 
for obtaining a predetermined beam diameter. 

Furthermore, the beam expander 408 is provided With a 
third lens 408a provided near the E0 de?ector 407 for 
focusing and a fourth lens 408!) provided near the head 412 
for obtaining a predetermined beam diameter. In the above 
described con?guration, the laser source 401 corresponds to 
the laser source of the present invention; the E0 de?ector 
407, the de?ector of the present invention; the lens system 
406, the ?rst lens system of the present invention; the ?rst 
lens 40611, the ?rst lens of the present invention; the second 
lens 406b, the second lens of the present invention; the 
pinhole 405, the pinhole of the present invention; the beam 
expander 408, the second lens system of the present inven 
tion; the third lens 40811, the third lens of the present 
invention; the fourth lens 408b, the fourth lens of the present 
invention; the slit 409, the slit of the present invention; and 
the head 412, the objective lens of the present invention. 
The laser beam output from the laser source 401 enters the 

E0 modulator 402, called a “noise eater” to reduce laser 
noise and adjust the laser beam to desired intensity. The laser 
beam that has passed through the noise eater enters the AO 
modulator 403 that performs intensity modulation using an 
information signal. The modulation speed of the AO modu 
lator 403 depends on the beam diameter in the crystal and 
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allows faster modulation as the degree of focusing of the 
beam increases, and therefore the lens system 404 is placed 
so as to come into focus in the crystal of the AO modulator 
403. The primary di?fracted light output from the AO 
modulator 403 enters the E0 de?ector 407 that performs 
de?ection modulation. Furthermore, the laser beam output 
from the E0 de?ector 407 is enlarged in its beam diameter 
by the beam expander 408 and then focused onto the resist 
master by the head 412 and exposes/records the information 
signal. 
The laser beam that has passed through the optical ele 

ments such as the AO modulator and E0 modulator receives 
Wavefront ?uctuation and its beam pro?le is deformed from 
an ideal Gaussian distribution form. Generally, the focusing 
performance of a lens is said to deteriorate When its aber 
ration is 30 m?» or more. This is the same as that explained 
With reference to FIG. 5. 

Therefore, in order to eliminate the Wavefront ?uctuation 
component accumulated up to the E0 de?ector 407, this 
embodiment performs beam forming using the pinhole 405. 
As shoWn in the lens system 406, tWo ?at convex lenses, that 
is, the ?rst lens 406a and second lens 406!) are used, the laser 
beam is focused With the ?rst lens 406a and then the beam 
is formed into a parallel beam by the second lens 40619. The 
Wavefront ?uctuation accumulated so far is not focused at 
the focal position of the laser beam focused by the ?rst lens 
406, Which is the front lens of the lens system 406 and 
distributed outside the beam diameter. This embodiment 
places the pinhole 405 at the focal position of the ?rst lens 
40611 of the lens system 406, the hole diameter of Which is 
set so as to eliminate only the disturbance component 
outside the beam diameter and eliminates the disturbance 
component outside the beam diameter before the beam 
passes through the second lens 40619. As the diameter of the 
pinhole 405, the siZe approximately 2.3 times the beam 
radius at the focal position of the lens before the pinhole 405 
(?rst lens 406a) is used. 

Furthermore, the Wavefront ?uctuation generated by the 
E0 de?ector 407 is not focused at the focal position of the 
third lens 40811, which is the front lens of the beam expander 
408 and distributed outside the beam diameter. This embodi 
ment places the slit 409 of almost the same siZe as the beam 
diameter, and of Which aperture is restricted by a predeter 
mined Width in such a direction Which is substantially 
perpendicular to the di?ected direction of the de?ector 305, 
at the focal position of the third lens 40811 which is the front 
lens of the beam expander 408, eliminates the Wavefront 
?uctuation component distributed outside the beam before 
the beam passes through the fourth lens 408b, extracts the 
central area With high beam intensity and eliminates Wave 
front ?uctuation. Furthermore, this embodiment does not 
restrict the aperture in the de?ection direction of the E0 
de?ector 407 to prevent the beam from being blocked even 
at the time of de?ection and prevent intensity modulation 
from occurring at the output. This makes it possible to 
improve the recording direction focusing performance When 
the signal pit is exposed/recorded. Here, the aperture of the 
slit 409 is set to approximately 2.3 times the beam radius at 
the focal position of the third lens 40811. 

In this embodiment, an experiment has been conducted 
under the same conditions as those in Embodiments l and 2 
to expose/record a pit on a glass plate coated With a resist. 
The beam diameter of the laser beam focused by the 
objective lens is calculated based on the shape of the 
recorded pit. As in the case of this Embodiment 3, as a result 
of placing the pinhole before the de?ector and the slit after 
de?ector and performing beam forming, it has been con 

20 

25 

30 

35 

40 

45 

50 

55 

65 

12 
?rmed that the focusing performance of the beam diameter 
has been improved approximately 10% compared to the case 
Without beam forming. 

Embodiment 4 

FIG. 6 illustrates an example of an exposure apparatus of 
an optical disk master of the present invention. In FIG. 6, 
reference numeral 601 denotes an argon ion laser With a 
Wavelength of 248 nm Which serves as a light source; 602, 
an E0 modulator that eliminates loW frequency noise of the 
laser and performs poWer control; 603, an A0 modulator 
that performs modulation using an information signal; 604, 
a lens system that focuses the laser beam onto a crystal of the 
AO modulator; 605, an E0 de?ector; 606, a beam expander 
that focuses the laser beam toWard the pinhole 607 and 
forms the laser beam output into a parallel beam, 607, a 
pinhole; 608, a pieZoelectric element that moves the pinhole 
607 in the direction generally perpendicular to the optical 
axis of the laser beam; 609, a de?ection signal generator; 
610, a polariZing beam splitter (PBS); 611, a 1A Wavelength 
plate; 612, a head that focuses the laser beam onto a resist 
master; 613, a turn table that turns the resist master; 614, a 
CCD camera that monitors the laser beam re?ected from the 
resist master; 615, a lens that focuses the laser beam onto the 
CCD camera. 

Furthermore, the beam expander 606 is provided With a 
?rst lens 606a provided near the E0 de?ector 605 for 
focusing and a second lens 606!) provided near the head 612 
for obtaining a predetermined beam diameter. By the Way, in 
the above-described con?guration, the laser source 601 
corresponds to the laser source of the present invention; the 
E0 de?ector 605, the de?ector of the present invention; the 
beam expander 606, the lens system of the present invention; 
the ?rst lens 60611, the ?rst lens of the present invention; the 
second lens 606b, the second lens of the present invention; 
the pinhole 607, the pinhole of the present invention; the 
pieZoelectric element 608, the driving means of the present 
invention; the head 612, the objective lens of the present 
invention. Furthermore, the beam expander 606, the pinhole 
607 and the pieZoelectric element 608 correspond to the 
pinhole mechanism of the present invention. Furthermore, 
an embodiment of operation of the exposure apparatus of an 
optical disk master as Well as an embodiment of the method 
of exposing and optical disk master and the pinhole mecha 
nism of the present invention Will be explained beloW. 
The laser beam output from the laser source 601 enters the 

E0 modulator 602, called a “noise eater” to reduce laser 
noise and adjust the laser beam to desired intensity. The laser 
beam that has passed through the noise eater enters the AO 
modulator 603 that performs intensity modulation using an 
information signal. The modulation speed of the AO modu 
lator 603 depends on the beam diameter in the crystal and 
alloWs faster modulation as the degree of focusing of the 
beam increases, and therefore the lens system 604 is placed 
so as to come into focus in the crystal of the AO modulator 
603. The primary di?fracted light output from the AO 
modulator 603 enters the E0 de?ector 605 that performs 
de?ection modulation. Furthermore, the laser beam output 
from the E0 de?ector 605 is enlarged in its beam diameter 
by the beam expander 606 and then focused onto the resist 
master by the head 612 and exposes/records the information 
signal. 
The laser beam that has passed through the optical ele 

ments such as the AO modulator and E0 modulator receives 
Wavefront ?uctuation and its beam pro?le is deformed from 
an ideal Gaussian distribution form. Generally, the focusing 
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performance of a lens is said to deteriorate When its aber 
ration is 30 m?» or more. This is the same as that explained 
With reference to FIG. 5. 

Therefore, in order to eliminate the Wavefront ?uctuation 
of the laser beam that has passed through the optical 
elements, this embodiment performs beam forming using 
the pinhole. This is a method Whereby the laser beam 
affected by Wavefront ?uctuation is focused by the lens 
system, a pinhole of almost the same diameter as the beam 
diameter at that position is placed at the focal position of the 
focused laser beam to eliminate the disturbance component 
not focused due to the Wavefront ?uctuation and distributed 
outside the beam diameter, and the central area With strong 
beam intensity is neatly extracted to thereby eliminate 
Wavefront ?uctuation before the beam passes through the 
lens for obtaining a predetermined beam diameter. At this 
time, it is preferable that the shape of the pinhole be a 
substantially perfect circle and the inner perimeter be 
smooth as in the case of Embodiment 1. 

In order to eliminate Wavefront ?uctuation as much as 
possible, it is effective to place the pinhole at the ?nal stage 
in front of the head. HoWever, in the case of the exposure 
recording apparatus using the de?ector, the laser beam is 
de?ected, and therefore the pinhole cannot be placed after 
the de?ector. 
On the other hand, this embodiment attaches the pieZo 

electric element 608 to the pinhole 607, alloWs the position 
of the pinhole 607 to be moved in the direction substantially 
parallel to the de?ection direction of the E0 de?ector 605 by 
the voltage input to the pieZoelectric element 608 and 
prevents the laser beam from being blocked by the pinhole 
607 even if the laser beam is de?ected. When the de?ection 
angle of the E0 de?ector 605 is 6, the focal distance of the 
front lens of the beam expander 606 of the lens system is f, 
then the moving distance of the pinhole 607 is f6. The 
de?ection signal generator 609 outputs a de?ection signal to 
be input to the de?ector and outputs a pinhole moving signal 
to be input to the pieZoelectric element 608. Both signals are 
adjusted in their amount of signal delay and operated 
synchronized With each other. At this time, the synchroni 
Zation frequency can be set to approximately several hun 
dreds of KHZ. 

Furthermore, an experiment is conducted about the beam 
diameter focusing performance under the same condition as 
that in Embodiment l. A pit is exposed/recorded on a glass 
plate on Which a resist is coated. Based on the shape of the 
recorded pit, the beam diameter of the laser beam focused by 
the objective lens is calculated. It has been con?rmed that as 
a result of performing beam forming With the pinhole placed 
as in the case of this Embodiment 4, the beam diameter 
focusing performance has been improved approximately 
10% compared to the case Without beam forming. 

Furthermore, this Embodiment 4 uses an E0 modulator 
and A0 modulator as modulators, but similar effects Will 
also be obtained in the case of other combinations irrespec 
tive of combinations of modulators. 

Furthermore, a pieZoelectric element has been used as the 
means of moving the pinhole, but the driving means of the 
present invention is not limited to this if it is at least the 
means of moving the pinhole in synchronization With a 
de?ection signal such as a voice coil and linear motor. 

Embodiment 5 

FIG. 7 illustrates an example of an exposure apparatus of 
an optical disk master of the present invention. In FIG. 7, 
reference numeral 701 denotes an argon ion laser With a 
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Wavelength of 248 nm Which serves as a light source; 702, 
an E0 modulator that eliminates loW frequency noise of the 
laser and performs poWer control; 703, an A0 modulator 
that performs modulation using an information signal; 704, 
a lens system that focuses the laser beam onto a crystal of the 
AO modulator 703; 705, a liquid crystal plate that adjusts 
Wavefront ?uctuation of the laser beam; 706, an E0 de?ec 
tor; 707, a beam expander that enlarges the laser beam to a 
desired beam diameter, 708, a parallel ?at plate that 
branches the laser beam and generates interference patterns 
of re?ected light on the back and front; 709, a photodetector 
that receives interference patterns; 710, an operation circuit 
that recogniZes the interference patterns received by the 
photodetector 709 and generates an input signal for the 
liquid crystal plate 705; 711, a polariZing beam splitter 
(PBS); 712, a 1A Wavelength plate; 713, a head that focuses 
the laser beam onto the resist master; 714, a turn table that 
turns the resist master; 715, a CCD camera that monitors the 
laser beam re?ected from the resist master; 716, a lens that 
focuses the laser beam onto the CCD camera 715. Further 
more, the beam expander 707 is provided With a ?rst lens 
707a provided near the E0 de?ector 706 for focusing and a 
second lens 707!) provided near the head 713 for obtaining 
a predetermined beam diameter. 
By the Way, in the above-described con?guration, the 

laser source 701 corresponds to the laser source of the 
present invention; the E0 de?ector 706, the de?ector of the 
present invention; the liquid crystal plate 705, the liquid 
crystal plate of the present invention; the parallel ?at plate 
708, the parallel ?at plate of the present invention; the 
photodetector 709, the photodetector of the present inven 
tion; the operation circuit 710, the adjusting means of the 
present invention; the head 713, the objective lens of the 
present invention. Furthermore, an embodiment of operation 
of the exposure apparatus of an optical disk master as Well 
as an embodiment of the method of exposing and optical 
disk master of the present invention Will be explained beloW. 
The laser beam output from the laser source 701 enters the 

E0 modulator 702, called a “noise eater” to reduce laser 
noise and adjust the laser beam to desired intensity. The laser 
beam that has passed through the noise eater enters the AO 
modulator 703 that performs intensity modulation using an 
information signal. The modulation speed of the AO modu 
lator 703 depends on the beam diameter in the crystal and 
alloWs faster modulation as the degree of focusing of the 
beam increases, and therefore the lens system 704 is placed 
so as to come into focus in the crystal of the AO modulator 
703. The primary di?fracted light output from the AO 
modulator 703 enters the E0 de?ector 706 that performs 
de?ection modulation. Furthermore, the laser beam output 
from the E0 de?ector 706 is enlarged in its beam diameter 
by the beam expander 707 as in the case of the beam 
expanders in the foregoing embodiments and then focused 
onto the resist master by the head 713 and exposes/records 
the information signal. 
The laser beam that has passed through the optical ele 

ments such as the AO modulator and E0 modulator receives 
Wavefront ?uctuation and its beam pro?le is deformed from 
an ideal Gaussian distribution form. This is the same as that 
explained With reference to FIG. 5. 

In this embodiment, part of the laser beam that has passed 
through the E0 de?ector 706, expanded in its beam diameter 
by the beam expander 707 and formed into a parallel beam 
is re?ected by the parallel ?at plate 708. The re?ected beams 
on the front and back of the parallel ?at plate 708 are 
overlapped shifted by the thickness of the parallel ?at plate 
708, forming an interference pattern. This interference pat 
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tern is monitored by the photodetector 709. The Wavefront 
?uctuation of the laser beam due to the partial phase shift of 
the laser beams does not form a linear shadow of the 
interference pattern but appears deformed (black line 1104 
in the ?gure) With the laser beam 1103 detected by the 
photodetector 709 as shoWn in FIG. 11B. An ideal state With 
no Wavefront ?uctuation is expressed With a linear (black 
line 1102 in the ?gure) shadoW of the interference pattern 
With the laser beam 1101 detected by the photodetector 709 
as shoWn in FIG. 11A. 

The operation circuit 710 adjusts the signal input to the 
liquid crystal plate 705 placed before the E0 de?ector 706 
While monitoring the shadoW pattern of the interference 
pattern. The liquid crystal plate 705 used has three concen 
tric parts; inner perimeter 1001, intermediate perimeter 1002 
and outer perimeter 1003. This liquid crystal plate 705 can 
change the optical path lengths of the inner perimeter 1001, 
intermediate perimeter 1002 and outer perimeter 1003 by 
adjusting the voltages applied to the respective divided parts 
and can shift the phase of the laser beam that has passed 
through the respective parts of the liquid crystal plate 705. 
The signal input to the liquid crystal is adjusted so that the 
interference pattern monitored by the photodetector 709 
becomes straighter. This con?guration can reduce Wavefront 
?uctuation of the laser beam that has passed through the E0 
de?ector 706. 

Here, the liquid crystal plate 709, Which is divided into 
three concentric parts, is used, but the number of divided 
parts can be greater or smaller than this. The greater the 
number divided parts, the ?ner adjustment is possible. 
HoWever, increasing the number of divided parts compli 
cates the structure, and therefore it is desirable to adjust an 
appropriate number according to the siZe of the beam 
diameter of the laser beam used or application. Furthermore, 
the operation circuit 710 is an example of the adjusting 
means of the present invention, but it can be substituted by 
hardWare such as a computer or its CPU, etc. or softWare. 

Furthermore, an experiment is conducted about the beam 
diameter focusing performance under the same condition as 
that in Embodiment l. A pit is exposed/recorded on a glass 
plate on Which a resist is coated. Based on the shape of the 
recorded pit, the beam diameter of the laser beam focused by 
the objective lens is calculated. It has been con?rmed that as 
a result of performing beam forming by adjusting the 
Wavefront using the liquid crystal plate, the beam diameter 
focusing performance has been improved approximately 
10% compared to the case Without beam forming. 

Furthermore, this Embodiment 5 uses an E0 modulator 
and A0 modulator as modulators, but similar effects Will 
also be obtained in the case of other combinations irrespec 
tive of combinations of modulators. 
As described above, according to the present invention, 

the exposure apparatus of an optical disk master using a 
de?ector places a pinhole for beam forming before a de?ec 
tor or places a beam forming slit after the de?ector, and can 
thereby eliminate Wavefront ?uctuation of the accumulated 
laser beam and improve the focusing performance of the 
laser beam that has passed through the objective lens. 
What is claimed is: 
1. An exposure apparatus of an optical disk master having 

a laser source, a de?ector for de?ecting a recording laser 
beam based on the laser beam of said laser source and an 
objective lens for focusing said recording laser beam on an 
optical disk master, comprising: 

a liquid crystal plate provided betWeen said laser source 
and said de?ector; 
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a parallel ?at plate provided betWeen said de?ector and 

said objective lens for branching said recording laser 
beam; 

the parallel ?at plate is con?gured for branching said 
recording laser beam into tWo overlapping beams form 
ing interference patterns; 

a photodetector that detects re?ected light from said 
parallel ?at plate; 

the photodetector is con?gured for detecting the interfer 
ence patterns; 

adjusting means of adjusting a voltage applied to said 
liquid crystal plate based on information on Wavefront 
?uctuation of said recording laser beam detected by 
said photodetector; and 

the adjusting means comprises means of providing a 
signal applied to said liquid crystal plate based on the 
interference patterns detected by said photodetector, to 
straighten the interference pattern and thereby reduce 
Wavefront ?uctuation of said recording laser beam. 

2. An exposure apparatus of an optical disk master having 
a laser source, a de?ector for de?ecting a recording laser 
beam based on the laser beam of said laser source and an 
objective lens for focusing said recording laser beam on an 
optical disk master, comprising: 

a liquid crystal plate provided betWeen said laser source 
and said de?ector; and 

a parallel ?at plate provided betWeen said de?ector and 
said objective lens for branching said recording laser 
beam, 

Wherein the parallel ?at plate comprises a front face and 
a back face, each face re?ecting a portion of the 
recording laser beam to produce tWo overlapping 
beams, the beams shifted relative to one another by an 
amount determined by the thickness of the parallel ?at 
plate, thereby forming the interference pattern; 

a photodetector that detects re?ected light from said 
parallel ?at plate; and 

adjusting means of adjusting a voltage applied to said 
liquid crystal plate based on information on Wavefront 
?uctuation of said recording laser beam detected by 
said photodetector. 

3. A method of exposing an optical disk master including 
a step of de?ecting, With a de?ector, a recording laser beam 
obtained based on the laser beam of a laser source and a step 
of focusing said recording laser beam on an optical disk 
master, comprising the steps of: 

branching said recording laser beam betWeen said de?ect 
ing step and said step of focusing said recording laser 
beam by branching said recording laser beam into tWo 
overlapping beams forming interference patterns; 

detecting re?ected light obtained in said branching step by 
detecting said interference patterns; and 

adjusting a voltage applied to a liquid crystal plate pro 
vided betWeen said laser source and said de?ector 
based on information on Wavefront ?uctuation of said 
recording laser beam detected in said detecting step by 
adjusting a voltage applied to the liquid crystal plate 
based on the detected interference patterns. 

4. The method of exposing an optical disk master accord 
ing to claim 3, Wherein a Wavelength of said laser source is 
270 nm or less. 

5. The method of exposing an optical disk master accord 
ing to claim 3, Wherein said liquid crystal plate has such a 
structure that it is divided into a plurality of concentric parts. 

* * * * * 




